This paper empirically analyses the impact of institutions, both formal and informal, on innovation performance of sampled countries at different stages of development. Data of 72 sampled countries on Research and Development Expenditures, numbers of article published, human capital, trade openness, internet users are collected from United Nations Educational, Scientific and Cultural Organisation (UNESCO), International Country Risk Guide (ICRG) and World Bank database. Formal and informal institutions indexes are constructed using data from Country Risk Guide and The World Value Survey (WVS). Fixed effect and System GMM technique are used to estimate the dynamic relationship between innovation performance and institutional indexes. The study finds positive significant effect of institutions on innovation in case of aggregate sample of developed and developing countries. However, the effects of formal institutions are more significant in case of sample of developed countries, while in developing countries informal institutions are found more effective than formal institutions in affecting innovation performance. The results also show that both formal and informal institutions are supplementary to each other in case of developing countries. Therefore, it is suggested that focus should be given to informal institutions. Moreover, collective initiatives be encourage in developing countries to have diverse ideas from different sectors of the countries. In addition, developing countries should initiate collaborative research projects with technologically advanced countries research and education institutions so as to learn from each other's ideas and experiences.
INTRODUCTION
Institutions are considered as main drivers of Innovation [Aghion and Howitt (1992) ; Grossman and Helpman (1990) ]. However, in the knowledge-based economy, some of the features of each society influence the ability of an economic system to adapt and translate the innovative efforts into development of new ideas. Institutions are defined as the rules of the game in society. In other words, institutions are humanly developed constraints that shape human interaction [North (1990) ]. It consists of both formal and informal institutions. The former means constitution, law, rules and regulation put in place by the government, while the latter means values, norms, honesty, and religiosity which promote cooperative behaviour in society that ultimately result in the Zafir Ullah Khan <zafirpide@gmail.com> is PhD Student at Pakistan Institute of Development Economics, Islamabad. Anwar Hussain <anwar@pide.org.pk> is Assistant Professor at Pakistan Institute of Development Economics, Islamabad. Nasir Iqbal <nasir@pide.org.pk> is Assistant Professor at Pakistan Institute of Development Economics, Islamabad. development of society. Empirical studies indicate that differences in innovative performance of countries are due to diversity in institutions [Sattar and Mahmood (2011) ; Tebaldi (2013) ] but studies undermine the role of informal institutions.
Informal institutions such as values and norms (proxies of informal institutions) contain work ethic which results in cooperative behaviour leading to sharing of knowledge and experience that ultimately generates new ideas and innovation [Lesser (2000) ; Lucas Jr and Moll (2011)] . Similarly, hierarchies often need new ideas and proposals for the introduction of new brands in the market and if workers cooperate by sharing their ideas, it would result in the introduction of innovative products in the market. This implies that norm of accepting hierarchies most likely encourage innovation within firms. Most of the prominent growth economists consider the flow of knowledge between individuals, firms and regions to be the main sources of innovation [Romer (1986) ; Lucas (2010) ]. Innovation is defined as the generation of new ideas resulting from social interaction between workers, aimed at solving production related problems at workplace.
Studies on innovation recognised that differential in innovation performance among countries of the world is due to differences in research and development [Romer (1990) ; Grossman (1991) ]. But the creation of new knowledge and ideas is not only the result of activities undertaken in laboratories aimed at solving technical production related problems or development of new product design by specific technical experts. It can also be generated when economic agents interact with one another in search of knowledge and ideas [Lucas Jr and Moll (2011) ].
This paper analyses the impact of institutions, both formal and informal, on innovation performance of countries that are at different stages of development. 1 The current study is different in many respects from the existing studies. Tebaldi and Elmslie (2013) analysed the impact of formal institutions on innovation while ignoring informal institutions. Similarly, Sattar and Mahmmod (2010) studied the impact of intellectual property rights on innovation while missing informal institution's role in innovation. Lucas Jr and Moll (2011) highlighted the role of time spent in social interaction by focusing on how individuals allocate time optimally between the production of final goods and in search of knowledge activities. But they did not analyse the impact of informal institutions which promote cooperative environment in which workers interact with co-worker in search of knowledge and solution to problems related to production. This paper is different from Lucas in the sense that it examines the effect of institutions (as the institutions create an environment conducive to innovation) on generation of new ideas using technological change model. Romer (1990) developed Technological Change Model which states that new ideas are generated by researchers working in laboratories motivated by monopoly profit. Moreover, the model assumes that the cost of new ideas declines as the society accumulates more ideas represented by the number of new product. Further, the model assumes that the number of new ideas depends on the number of workers in Research and Development sectors. But the model ignores that ideas can be 1 This paper tries to analyse the impact of institutions, both formal and informal institution on innovation performance of countries lying in different income groups. Following World Bank, countries are classified in different income groups such as low income countries, lower-middle income countries, middle income countries and high income countries group. Further low and lower-middle income countries are combined and named the group as developing countries while middle and high income countries constitute developed countries.
developed during social interactions among workers at the time when they face production related problems and share knowledge and experiences. This paper extends Romer (1990) model by incorporating the effect of informal and formal institutions on the generation of new ideas and innovation using sample of panel countries including developed and developing countries.
CONCEPTUAL FRAMEWORK
The basic theme of this paper is that within a firm, whenever workers face any problem related with production at workplace, they resort to getting help from their colleagues. If workers have social value or the worker has social links with other workers, they would be able to get help from their colleague in solving problems arising at the production point. Therefore when they discuss the problem encountered, they will find new methods (at least new for these workers) to solve the problems. As a result of sharing of knowledge, new intermediate input (new ideas, new method of production) would introduce which increase the efficiency of final goods production. Thus sharing of knowledge among workers within organisation would help in generation of new production process (new ideas and innovation) which would help in pushing upwards production frontier of the firm/industry and economy as whole. This logical relationship between institutions and innovation is shown in Figure 1 . Figure 1 shows the channels through which formal institutions (here considered only intellectual property right) affect economic growth. In this paper, we follow Tebaldi (2008) who has shown theoretically that formal institutions have a positive effect on innovation. We have incorporated his idea in order to see whether formal institutions would be better in the presence of informal institutions or not? 
Fig. 1. Conceptual Framework

DATA AND METHODOLOGY
The new growth theory suggests that generation of new ideas depends on persons engaged in research and development activities and the existence of a stock of knowledge [Romer (1990) ; Aghion and Howitt (1992) ]. The skilled or educated workers also spend a fraction of available time on exchange of ideas, solving production and market related problems, and thus generate new ideas [Rupasinga, et al. (2006) ; Lucas (2008) ].
Growth economists have used formal institutions explicitly as determinants of innovation, ignoring informal institutions, which are often considered more important than formal institutions. According to Arrow (1962) , formal institutions are not sufficient to eliminate risk and uncertainty arising in business activities, particularly invention, as the moral factor limits their potential. Informal institutions create a cooperative working environment in which workers interact with other workers in search of information, knowledge and ideas that facilitate the creation of new ideas. To incorporate informal institutions, this paper assumes that individuals devote a fraction of their time to social activities such as, helping other co-workers and exchanging ideas with other colleagues and workers. This non-market activity is described by social capital production, given below
Where "P" is the productivity parameter of social capital, u [t]s H[t] is the time spent in discussing, helping and jointly solving production-related problems, which is only possible when the workers follow informal institutions. Equation (1) states that existing social capital (proxy of informal institutions) may have a positive effect on generation of current social capital.
Knowledge is the accumulation of ideas and ideas are produced by people/workers discussing production-related problems while working with machines or technology. This idea is incorporated in the knowledge production function by explicitly introducing the effect of informal institutions such as values and norms, trust, honesty and religiosity which are supposed to promote the culture of sharing of ideas and knowledge (improve existing social capital) among co-workers that would help in generation of new ideas. This paper also incorporates formal institutions as input in the production of ideas. Formal institutions such as intellectual property rights provide an incentive to undertake innovative activities as it restricts diffusion of knowledge without legal permission. The production function of new ideas is 
Now taking logarithm of sides, we have
Rewriting the above equation,
where subscript i = 1,2,3,… … … and t = 1,2,3,… … … represent country and time period respectively. Where i,t unobservable country specific effect and i,t is white noise. Ai,t-1 is the initial stock of ideas across countries (initial value of Articles published in this case), Ai,t denote the numbers of article published in country during period t, i,t-1 is the total time spent in R&D sectors ( number of skilled labour force employed proxies with human capital), ln Si,t is logarithm of informal institutions measures and ln Ti,t denoted logarithm of formal institutions measures.
Since the true measure of formal and informal institutions is unknown, standardised measures of these variables are used which are mostly cited in the literature. This paper uses indices of informal and formal institutions which may assume zero and negative values, in which case logarithmic transformation is not possible. Therefore, Tˆ (Formal institutions index) and Sˆ(Informal institution index) are used instead of ln Si,t and ln Ti,t. This paper adopts the aforementioned procedure parallel with Acemoglu, et al. (2001) and Hall and Jones (1990) .
Including matrix of control variables Xi,t and rewriting the fixed effect panel regression equation of innovation as
The coefficient of informal institutions is expected to have a positive sign as informal institutions are conducive to sharing of knowledge and experience that result in the creation of new ideas. In a working environment where workers are paid according to their contribution (if the worker reap full benefits of their innovative activities), the workers would put more effort to generate new ideas, so the expected sign of formal institutions is positive. Similarly, time spent in research and development sector proxies with the number of researchers, skilled workers employed (human capital) also expected to have a positive sign. So far the effect of existing stock of ideas and knowledge is considered; it can be positive (already accumulated stock of ideas helps in the generation new ideas) or negative (development of new knowledge becomes difficult in the presence of already accumulated knowledge). Literature shows that research and development expenditures have a positive effect on innovation [Romer (1990) ; Acs and Audretsch (2005) ]. Therefore research and development expenditure is included as input into innovation/knowledge production function with the expected positive sign.
Traditional growth regressions carry problems of endogeneity, measurement error and omitted variable bias [Acemoglue (2001)]. In this case, the problem of endogeneity may arise due to the reason that institution variables both formal and informal are correlated with explanatory such as human capital and the stock of knowledge, initial level of institutions. Moreover, institutions change with time, so they are contemporarily correlated with other variables of the model. In the presence of these problems, OLS estimates are biased because of the unobserved relation between omitted variables and the explanatory of the regression equation.
In growth literature, Two
Step Least Square method (2SLS) is often used to address the problems of endogeneity and error of measurement which require finding of appropriate instrument for endogenous variables. In this paper, formal and informal institutions are endogenous as they depend on others factors such as earlier institution, ethnicity, religiosity, colonisation and existence of norm and values in society. In addition, dynamic growth and innovation model given in Equation (4) also carries problem of endogeneity as the lagged value of dependent variable is correlated with the residual [Nickell (1981) ]. To tackle the problem of endogeneity, system GMM is used to estimate dynamic model of innovation given in Equation (5).
This paper uses a panel data set of 72 countries over the period of 1980 -2014. The selection of sample is based on data availability and prevalence of difference in informal institutions, formal institutions and the difference in innovation performance of the sample countries. The overall sample has been divided according to different stages of development i.e. the sample is divided into Low income, lower middle income, upper middle income and high income level following World Bank classification. Further low income countries and lower middle income countries are combined into a separate group called developing countries while the last two are combined to frame group of developed countries.
The literature on innovation shows patents granted as an indicator of innovation [Schmookler (1966) ; Griliches (1979) ; Griliches (1984); Romer (2002) ] but the problem with the patents granted is that every new idea is not necessarily granted a patent. Moreover, the process of registering patent is cumbersome which results in failure of registering ideas [Jaffe and Trajtenberg (2002) ]. Also, all the patents are not of the same quality. Therefore, in this paper, the number of articles published is used as an indicator of innovation following Castellacci and Natera (2011) . Articles published is used as dependent variable in different specifications of the innovation model. As discussed above, innovation depends on R&D Expenditure; already accumulated stock of knowledge, formal and informal institutions and control variables such as Religion, Settler mortality, Ethnic diversity, corruption and income inequality.
This study uses data on institutional variables collected from the International Country Risk Guide (ICRG) which is widely used in growth and institutional related studies. Literature shows that researchers have used all components of the index or taken a few components or even a single component best suited to the objectives of their study. Knack and Keefer (1995) used a composite index of institutional quality by using five indicators which are (i) Rule of law; (ii) Corruption in government; (iii) Bureaucratic quality; (iv) Risk of expropriation of assets by the government; and (v) Repudiation of contract by the government. Rodrik (2000) uses only bureaucratic quality, Mauro (1995) The literature on informal institutions shows various proxies of informal institutions such as social capital, generalised trust [Narayan and Pritchett (1999) ; Krishna and Uphoff (1999)], Crime rates, Gini index and corruption index as a measure of informal institutions. To measure informal institutions, researchers have used either single measure [Putnam (1993) ; Grootaert (1999); Narayan and Pritchett (1999); Krishna and Uphoff (1999)] or take few measures together [Rose (1999) ; Brehm and Rahn (1997); Doh and Acs (2010) ]. As the above measures of informal institutions are likely to be correlated; therefore the present paper construct s informal institutions index by taking a simple average of trust variable, happiness index and friendship index taken from CANA database [Castellacci and Natera (2011)] . The data on the aforementioned variables is collected from World Bank, World value Survey, Country Risk Guide and CANA database [Castellacci and Natera (2011) ]. Detail of Variables and data sources are given in Appendix 1.
RESULTS AND DISCUSSION
Fixed effect estimation results show that lag articles published (innovation indicator) shows a positive effect on innovation thereby supporting the RD growth model prediction that past discoveries help in present discoveries [Romer (1990) ]. The coefficient of RD expenditure also shows a positive significant effect on innovation which implies that innovation and research and development expenditure are positively related (see Tables 1, 3 , and 6).
The result of fixed effect methods shows a positive significant effect of both formal and informal institutions on innovation performance of both developed and developing countries (see Tables 3 and 6 ). The coefficient interaction shows a positive significant effect on innovation but becomes insignificant when time effects are introduced (see Table 3 ). The coefficient of internet users shows significant positive effect on innovation which implies that development of information technology increased the size of the market, strengthened formal institutions in protecting copy right and made sharing of knowledge accessible. However, the coefficient of internet users is positively insignificant in case of developing countries (see Tables 3 and 5) .
The positive significant effect of informal institutions on innovation implies that innovations increase at the workplace where social values prevail i.e. where norm of cooperation, respect, trust and mutual help prevails. This empirical conclusion supports the hypothesis that researchers/worker in cooperative environment would be more productive. The significant positive coefficient of interaction term of institutions indicates that informal institutions support formal institutions in effecting innovative performance of sample countries. It also implies that informal institutions such as respect, honesty and religiosity restrict people from violation of property rights leading.to increase in generation of new ideas. The empirical results concerning formal institutions effect on innovation also support the hypothesis that formal institutions protect copy rights of inventor and so it will be helpful in generation of new ideas and knowledge.
Endogenous technological change model [Romer 1990)] indicates that research and development expenditures are positively related with development of new ideas and technology. The claim of Romer (1990) is re-examined in various specifications and the results show that expenditures on R&D as percentage of GDP has a positive and Note: Dependent variable is Number of Articles published). Lagged Article (Articles Published (-1)) and other are treated as regressors. Period dummies are included but not reported. Standard errors in parentheses and asterisk denote respectively *** p<0.01, ** p<0.05, * p<0.1. 
(1) (2) (3) (4) (5) (6) (7) Article Published (1) 0.786*** 0.749*** 0.760*** 0.784*** 0.768*** 0.718*** 0.666*** 0.666*** 0.775*** 0.714*** 0.711*** 0.713*** 0.719*** 0.644*** (0 Note: Dependent variable is Number of Articles published. Lagged Articles and other are treated as regressors. Period dummies are included but not reported. Standard errors are in parentheses and asterisk denote respectively *** p<0.01, ** p<0.05, * p<0.1 (2) are test of the 1 st and 2 nd order autocorrelation in the residual of difference equation respectively. Sargan P-value test over-identification of exogenous variable. Robust standard errors are in parentheses *, **, *** denote significance at 10 percent, 5 percent, 1 percent level respectively. 6 a significant effect in all the specifications. Moreover, the Romer model also states that the number of researcher (skilled labour or human capital) also has a positive effect on new product variety development or new ideas development. In all specifications the coefficients of human capital show a positive and significant effect on innovation supporting Romer (1990) . Trade openness indicators show positive significant effect on innovation in case of developed countries' sample which confirms Grossman and Helpman (1990) conclusion. The positive effect of trade openness indicator implies that trade liberalisation can be used as mechanism of diffusion of technology in the world. In contrast to the developed countries, trade liberalisation shows positive insignificant effect on innovation and become negative insignificant when time effect is considered.
The study also used system GMM to check the robustness of estimation result. The estimation result of system GMM shows a positive significant coefficient of past research work which implies that past innovations have a significant positive effect on current innovations. In base line specification, RD expenditures and past innovations show a positive significant effects on current innovations supporting RD growth models [Romer (1990) ; Hall and Jone (1991) ].
The coefficient of informal institutions is positive significant in all specifications. The positive significant effect of informal institutions on innovation implies that innovations increase at workplace where social values prevail. The coefficient of formal institutions is positive significant which means that strong formal institutions create an incentive to innovate more (see Tables 2, 4 , and 6).
The empirical results concerning formal institutions' effect on innovation also support our theoretical intuitions i.e. formal institution s protect copyright of researchers and so the existence of strong formal institutions help s in generation of new ideas and knowledge. This is the same result which full sample of countries shows. In contrast to developing countries, the coefficient of the interaction term is negative insignificant, which implies that formal institutions are complementar y to informal institutions. The last result hints at capitalist nature of developed countries where informal networking is lacking. This result support Putnam (1990) finding that due to individualistic nature of people living in the developed countries, they lack social networking. Whereas the coefficient of interaction term is positive significant in case of developing countries which implies that social values in the form of informal institution support formal institutions in affecting innovative performance of the sampled countries. This hints at an interesting point that in order to increase innovative activities, developing countries should seek collaboration with developed countries in order to increase the stock of new ideas in those countries.
The study considers the effect of formal and informal institution and examines the individual effect of internet users on the generation of new ideas. The study of the individual result of internet user shows insignificant positive effects of intent user on innovation. RD growth model [Romer (1990) ] states that the number of researcher (skilled labour or human capital) also has a positive effect on development of new product varieties or generating new ideas. In all specifications the coefficients of human capital show positive and significant effects on innovation.
The study also includes religions dummies and the results shows positive effect of Muslim dummy. Other religion dummy also shows significant positive (0.190***) effect on innovation while catholic dummy shows negative significant (-0.000640***) effect on innovation performance of developed countries (see Table 4 ). The result for developing countries shows that Muslims are more cooperative in sharing of knowledge as compared to other religions (see Table 6 ). The study also includes ethnicity as a dummy variable and the result shows positive insignificant effect on innovation. This shows that workers in workplace with heterogeneous workers would be able to create more ideas due to diversity in their specialisation. The coefficient of Gini index is positive which means that income inequality has a positive effect on innovation. This implies that workplace where each worker is paid to his/her contribution would experience an increase in innovative ideas (see Tables 4 and 6 ).
The overall conclusion is that informal institutions, formal institutions, human capital, Research and development expenditure, Internet usage, and trade liberalisation have a positive effect on innovation. Muslim dummy and other religion dummy shows positive effect on innovation while catholic dummy shows negative effect on innovation.
CONCLUSIONS AND POLICY RECOMMENDATIONS
This paper has attempted to analyse the effects of institutions, both formal and informal, on innovations in aggregate and disaggregate sample of countries. The assumption is that not only formal institutions, such as intellectual property right but informal institutions such as values, norms, traditions and religiosity affect innovation performance of sampled countries. Fixed effect method and system GMM are used for empirical analysis. Religion dummies are used as instrument of informal institutions.
Empirical results of fixed effect method show that the research and development expenditures, stock of knowledge, human capital, and informal institutions and formal institution show significant positive effect on innovation in case of the full sample and the samples of developed countries and developing countries. However formal institutions are more effective in developed countries and informal institutions in developing countries. In contrast to institutions of developed countries, in developing countries institutions are found supplementary to each other. Muslims are found to have a significant positive effect on innovation in developing countries while other religion dummy is found to have positive significant effect on innovation in case of developed countries.
Based on the results, it is suggested that attention may focus on informal institutions as these would strengthen formal institutions in developing countries. As formal institutions are found to be more effective in the developed countries, informal institutions need to be strengthened in developing countries in order to improve their innovative performance. In developing countries, organisation need to provide an environment in which workers could freely meet and share ideas with co-workers. The study concludes that collective work encourages innovation; therefore, governments of less developed countries should foster innovation activities in collaboration with industries, organisations and institutions of developed countries. To accelerate innovative activities, there is a need to encourage sharing of knowledge through better internet facilities, improved access to libraries and databases, and establishment of research infrastructure. This paper can be extended by taking micro level study at organisation level to highlight the importance of institutions and its impact on innovation. Also this paper can be extended by taking individual measures of formal and informal institutions to examine its effect on innovation. A measure of corruption within the political system that is threat to foreign investment by distorting the economic and financial environment, reducing the efficacy of government and business by enabling people to assume position of power through patronage rather than ability, and introducing inherent instability into the political process ICRG Law and Order Two measures comprising one risk component. Each subcomponent equals half of the total. The "law" sub-component assesses the strength and impartiality of the legal system, and the "order" sub-component assesses popular observance of the law
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